Abstract Extraction process employing Supercritical fluid carbon dioxide (SCF) yields bioactive compounds near natural forms without any artifact formation. Neem seed was subjected to SCF at different temperatures and pressure conditions. These extracts were partitioned to separate volatile fraction and were analyzed by Gas Chromatography-Mass spectroscopy along with the volatiles extracted by the hydro-distillation method. Experimental results show that there is a significant effect of pressure and temperature on isolation of a number of volatile compounds as well as retention of biologically active compounds. Twenty-five volatile compounds were isolated in the Hydro-distillate compare to the SCF extract of 100 bar, 40°C which showed forty volatile compounds corresponds to 76.38 and 92.39% of total volatiles respectively. The majority of bioactive compounds such as Terpinen-4-ol, 1,2,4-Trithiolane, 3,5-diethyl, allyl isopropyl sulphide, Cycloisolongifolene, á-Bisabolene, (-)-a-Panasinsen, Isocaryophyllene, trans-Sesquisabinene hydrate, 1-Naphthalenol, were identified in the extract when isolated at 100 bar and 40°C.
Introduction
Neem (Azadirachta indica A. Juss) tree belongs to the family of Meliaceae. Neem is one of the most versatile medicinal plants having a broad spectrum of biological activity in India and its neighboring countries since immemorial. Neem seed oil and extract are proved effective against some fungi that cause infection to human body. It is used as anthelmintic, antileprotic (prevents leprosy), antibacterial, antidermatophytic activity. Neem seed spent (cake) is an active ingredient in preparation of mosquito repellent coil. A bitter compound, nimbidin is isolated from seeds which is effective in reducing fasting blood glucose (Biswas et al. 2002) . The different parts of neem (seeds, leaves, flowers and bark) are used as traditional medicine for the household remedy against various human ailments. It also used as the natural pesticide, a raw material for cosmetic industry and other commodities (Ghimeray et al. 2009; Rashid et al. 2004; Olabinri et al. 2009; Aromdee and Sriubolmas 2006) . Neem seed kernels constitute 50-60% of the seed and the remaining is the kernel portion. The fat content of the kernels ranges from 33 to 45%. Neem seed contains 40-45% of oil and remaining is the cellular matrix of the seeds. The oil is brownish yellow, non-drying oil with an acrid taste and unpleasant odor (Johnson and Morgan 1997) . Several valuable bioactive substances from limonoids class of triterpenoids were found in neem oil. Azadirachtin (Azadirachtin A), Nimbidiol, 3-tigloylazadirachtol (Azadirachtin B), Salannol, Salannin, Nimbinin, Nimbin, Nimbidin, and 1-tigloyl-3-acetyl-11-hydroxymeliacarpin (Azadirachtin D) non volatile compounds are the major once (Mongkholkhajornsilp et al. 2005; Morgan 2009; Melwita and Ju 2010) . Further, sulfur modified fatty substance like loeic acid (50-60%), palmitic acid (13-15%), stearic acid (14-19%), linoleic acid (8-16%) and arachidic acid (1-3%) are present in neem seed oil.
Volatiles isolated from neem seed oil also play a vital role in health care systems of the most traditional and modern medicines. By head space analysis insect repellent active compounds such as caryophyllene oxide, limonene, linalool, 1-hexanol and organosulphur compounds were identified from neem seed volatiles.
Hydro-distillation is a traditional technique for extraction of volatile oil. This distillation has several disadvantages, such as incomplete extraction of volatiles from plant materials, high operating temperatures with the consequent breakdown of thermally labile components, promotion of hydration reactions of chemical constituents, hydrolysis and solubilization in water of some compounds that alter the flavor and fragrance profile of many essential oils extracted by this technique. It also requires a post extraction process to remove water (Metherel et al. 2009 ). The other problem with this method is the production of waste water with a high biological oxygen demand (BOD). With high BOD the release of waste water is not permitted in many countries, again which requires an expensive installation of water treatment facility (O'shea et al. 2001) .
In recent decades, the supercritical fluid carbon dioxide extraction (SCF-CO 2 ) has received special attention in extraction of volatile oil from natural materials. In compressed carbon dioxide (CO 2 ) main volatile oil constituents like hydrocarbon and oxygenated mono-and sesquiterpenes are solubilized (Stahl and Gerard 1985) . In fact, CO 2 is physiologically harmless, non-toxic and non-corrosive. It readily reaches critical temperature (31.1°C) and pressure (73.8 bar). Very little work was traced about the essential oil of neem seed by Supercritical fluid extraction. The present study was undertaken to employ supercritical carbon dioxide to extract the volatiles from neem seed and characterization of the constituents.
Materials and methods

Chemicals and reagents
Analytical grade chloroform procured from Merck (Mumbai, India). Carbon dioxide (purity 99.9%) was obtained from M/S Kiran Corporation, Mysore, India. Homologous series of C8-C22 n-alkane standards were procured from Sigma (St. Louis, MO, USA). Anhydrous sodium sulfate was obtained from SLR Chemicals (Mumbai, India). All other chemicals, solvents, and reagents used were of analytical grade.
Plant material
Neem seeds were purchased from a local market at Mysore, Karnataka, India. The seeds were manually cleaned to remove the adhering soil and extraneous matter if any. These cleaned neem seeds were dried in cabinet tray drier (M/S Armstrong Smith, India) at 40°C for 24 h. Further, neem seed was dehulled by using DIAF huller (Crompton Parkinson Ltd, Bombay). Dehulled neem seed was ground by using hammer mill (Model: CIS-100, M/s Galai Production, Israel) to get powder of 32 mesh size. The moisture content of neem seed powder is 16 ± 0.1%.
Supercritical fluid carbon dioxide extraction and partitioning of flavor volatiles
Extractions were carried out in NOVA Swiss equipment (WERKEAG, EX 1000, 1.4-1.2 V type, Switzerland) designed for working pressure of 1000 bar and temperature of 100°C. Neem seed powder (300 g) was loaded into a steel cylinder equipped with sintered metal plate on both ends. The cylinder was then introduced into the extraction vessel, and required extractor and separator temperatures were maintained using thermostat water circulators. CO 2 supplied from a gas cylinder was compressed by using two diaphragm compressors to the desired pressure by adjusting the pressure controller and heated to the specified temperature using a heat exchanger to reach the supercritical state (Zarena et al. 2012) . Nine experiments were carried out in duplicates at temperatures of 40, 50 and 60°C; the pressure of 100, 150 and 200 bar (Table 1) . After completion of an experiment, the extract was collected from the separator and stored at 4°C for further study.
All the SCF extracts were further hydro-distilled, and the distillate was partitioned with chloroform to separate the volatiles. Chloroform was removed using a rotavapor (RE111, Buchi, Switzerland) and pale yellow colored oil obtained was dried over anhydrous sodium sulfate. The flavor isolate was stored at 4°C for further study.
Extraction of volatile oil by hydro-distillation (Conventional method)
Neem seed powder (250 g) was defatted by Soxhlet extraction using petroleum ether (60-80°C) with 15-16 siphons in 12 h. Solvent adhering to the Marc was expelled by a screw press. Further, neem seed powder was dried in the sun for 2 h and again dried in an oven at 105°C for 2 h. Defatted neem seed powder was subjected to hydrodistillation in Clevenger distillation until all the oil is collected (9 h). The pale brown colored oil obtained was dried over anhydrous sodium sulfate and stored at 4°C for further analysis. All the experiments were executed in triplicate, and the result was expressed.
Chemical characterization of volatile oil and chromatographic analysis
Gas chromatography-mass spectrometry (GC-MS) analysis
The volatile oil was characterized using Perkin Elmer GC equipped with quadrupole mass spectrometer (Model: Turbomass Gold) fitted with an Elite-5 fused silica column (30.0 m 9 250 lm film thickness) coated with polydimethylsiloxane (PDMS). Initially, the oven temperature was held at 35°C for 2 min, ramp 2°C/min to 70°C, held for 0 min then increased at 4°C/min to 250°C, held for 5 min at final temperature. The carrier gas (helium) was delivered with 75 kPa inlet pressure with linear velocity (20 cm/s), injector temperature (180°C) and detector temperature (230°C). Samples were diluted with chloroform, and 1 ll was injected. The mixture of n-alkanes as standards (C8-C24) diluted with chloroform was also injected and analyzed at same conditions to determine the (Jennings and Shibamoto 1980; Kubra and Rao 2012) kovats' retention indices by the following equation.
where (n) is stand for the number of carbon atoms in the shorter chain alkane, N is the number of carbon atoms in the longer chain alkane, (tr) is the adjusted retention times for unknown compounds, tr (n), shorter-chain and tr (N), longer-chain alkanes. The total volatile production was estimated as the sum of all GC-FID peak areas in the chromatogram, and individual compounds were quantified as relative percent area. All data are means of three independent determinations expressed as the percentage of total peak area (Shivakumar et al. 2012) .
Results and discussion
Supercritical fluid extraction has increased during two last decades in the extraction of plant volatile components since it is a rapid, selective and convenient method. Food grade Carbon dioxide (GRAS) which is used in SCF is an excellent alternative for chemical solvents (Pourmortazavi and Hajimirsadeghi 2007) . In general, the extractability of volatile and non-volatile compounds by SCF depends on the occurrence of functional groups, molecular mass and polarity. Essential oil of coriander seeds was extracted by SCF under different conditions of temperature and pressure by Grosso et al. (2008) . GC-MS analysis of volatile oil composition of SCF extract reveals that the best condition was achieved at 90 bar and 40°C.
Extraction efficiency by evaluating SCF parameters
Neem seed (39 kg) with the moisture content of 17% was dehulled to get the kernels of 16 kg which possess the moisture content of 19.3%. The dehulled seed was ground and used for further experiments.
Supercritical fluid extraction has attracted a vast deal of attention. Indeed, it is an excellent alternative method for seed oil extraction to replace classical industrial methods. It becomes the focus of attention due to its chemical and physical properties. Furthermore, it offers recovery of solvent-free analyte from solid or semi-solid samples that are equal to or better than that of conventional extraction process (Herrero et al. 2010 ). CO 2 is environmentally friendly and recognized as safe. It is also essential for the sample preparations of food and natural product. SCF using CO 2 can be operated at low temperatures using a nonoxidant medium, which allows the extraction of thermally labile or easily oxidized compounds. In this study, the volatile composition of neem seed at three pressures (100, 150 and 200 bar) and three temperatures (40, 50 and 60°C) in different combination was studied. And also, Yield was given in raw material basis SCF volatile extract was compared with conventional hydro-distillation process. In SCF, totally nine experiments conducted in duplicates and the results were analyzed. The method of extraction usually has a significant effect on the quality and quantity of the volatile oils by varying temperature and pressure in SCF extraction. The extraction yields of nine experiments were evaluated, the factor (e.g., pressure) reveal how the extraction yield changes when the level of that factor is changed. As per the earlier report (Mostafa et al. 2004) , an increase in extraction pressure, at a constant temperature, leads to higher fluid density. This higher fluid density increases the solubility of the analytes.
The effect of temperature on the yield as well as the composition of extracts was evaluated. Higher temperature decreased fluid density and thus reduced extraction efficiency. When extraction was done at the different pressure of 100, 150 and 200 bar, the yield of volatile extract was more at 40°C (Table 1) . Further, it was observed that the volatiles percentage is directly related to the pressure and temperature, in turn, the density of carbon dioxide. With increasing temperature, at the pressure of 100 bar, the extract yields decreased drastically, but there is an increase in the volatiles percentage in the extract. But, at 150 and 200 bar higher pressures, there is definite increase in the volatiles percentage but not perceptible, as the total extract yields increased and the solubilization of fatty oil as well as high molecular compounds with increased density of carbon dioxide. In the extraction of pepper oil, this relationship on temperature, pressure density of volatiles correlates the earlier publications (Sankar 1989) . The conventional method of hydro-distillation has been traditionally used for the extraction of volatile oils on a laboratory scale. In this study, the volatile composition of neem seed obtained by SCF extraction was compared with the conventional extraction. Further, the conventional hydro-distillation of neem seed volatile extract yielded 33 ± 0.76 mg/100 g after the removal of 53% of fat.
GC-MS analysis
Biogenetically, most of the volatile compounds are derived from mevalonic acid (MVA) pathway (i.e., triterpenoids and sesquiterpenoids). However, monoterpenoids, diterpenoids, and tetraterpenoids are biosynthesized via the plastidial methylerythritol phosphate (MEP) (Sawai and Saito 2011) . In general, mono and diterpenes are more soluble than paraffin and fatty acids at low CO 2 densities (T = 40-50°C, p = 80-90 bar), whereas sesquiterpenes and oxygenated terpenes are soluble at high CO 2 densities (T = 40-50°C, p = 100-200 bar). The volatile neem isolates were subjected to GC-MS analysis. The chemical components present in the volatile oil were identified according to their order of elution on Elite-5 column.
All nine SCF experiment results were analyzed by GC-MS. At 100 bar, 40°C forty compounds were identified, which represented 92.39% of total volatiles. Similarly, at 100 bar, 50°C thirty-two compounds (85.9%), 100 bar, 60°C twenty-two (56.01%), 150 bar, 40°C thirty-three (73.34%), 150 bar, 50°C thirty-seven (70.52%), 150 bar, 60°C thirty-three (76.87%), 200 bar, 40°C twenty-seven (65.71%), 200 bar, 50°C nine (72.78%), 200 bar, 60°C twenty three (52.47%) were identified respectively. The results of SCF volatile compounds are compiled in Table 2 (SCF 100 bar at 40, 50 and 60°C), Table 3 (SCF 150 bar at 40, 50 and 60°C) and Table 4 (SCF 200 bar at 40, 50 and 60°C). Further, the hydro-distillation of neem seed volatile extract is 33 mg/100 g. Thirty-two compounds were identified which represent the 76.38% of the total volatile extract.
The major biologically active compounds of 100 bar, 40°C of SCF extract are Terpinen-4-ol (0.44%), 2, 4-Decadienal (0.85%) (Zai-Chang et al. 2005 ), a-Cedrene (0.70%), Bicyclosesquiphellandrene (1%) (Aneja et al. 2005) , Bicyclo [3.1.1] hept-2-ene, 2, 6-dimethyl-6-(4-methyl-3-pentenyl)-(2.1%) (Liu et al., 2011) , Allyl isopropyl sulfide (2.9%) (Muhi-Eldeen et al. 2008) , bSesquiphellandrene (0.37%) (Jayaprakasha et al. 2005) , Cycloisolongifolene (0.49%) (da Silva et al. 2015) , Guaia-1(10), 11-diene (3.42%), b-Bisabolene (3.27%), (-)-aPanasinsen (0.36%), Isocaryophyllene (0.41%), transSesquisabinene hydrate (0.39%), 1-Naphthalenol, decahydro-1,4a-dimethyl-7-(1-methylethylidene)-, [1R-(1a, 4ab, 8aa)]-(5.1%), Hexadecanoic acid, methyl ester (3.95%), nHexadecanoic acid (23.66%), and Cis-Vaccenic acid (2.99%) (Huang et al. 2011) . These above compound are biologically active as antifungal, anti-influenza, antimicrobial, and antioxidants. On the other hand, the majority of these compounds are absent in hydro-distillation of neem volatiles. Hydro-distilled neem seed volatile mainly comprises of 1,2,4-Trithiolane, 3,5-diethyl (43.91%), cycloeicosne (3.57%), n-Tetracosanol-1 (3.13%), E-15-Heptadecenal (4.07%), 1-Hexadecanol (4.51%) and others ( Table 5) . As shown by the results, the composition of the SCF and hydro-distillation was significantly different.
It is found that in all nine experiments of SCF, higher levels of compounds having carboxylic acid functional groups (25-65%). At 100 bar, 40°C, the volatile compounds were further classified as acids (30%), alcohols (6.42%), aldehyde (0.857%), alkane (0.46%), alkene (19.48%), ester (13.93%), lactone (0.35%), n-heterocycle (0.41%), oxime (0.57%), s-heterocycle (1.05%) and a, bunsaturated ketone (1.45%). The presence of compounds of these entire functional groups make 100 bar, 40°C is the suitable condition for extraction of neem seed volatile in -4-ol, decahydro-1,1,4,7-tetramethyl-, [1aR-(1aa,4b,4ab,7a,7ab,7ba) 1,2,3,5,6,7,8,8a-octahydro-1,8a-dimethyl-7-(1-methylethenyl)-, [1R-(1a,7b,8aa) comparison with other SCF parameters and hydro-distillation process.
Conclusion
Recently, supercritical fluid carbon dioxide is used for the extraction process of bioactive compounds to get near natural forms without any artifact formation. Neem seed powder was subjected to SCF at different pressure and temperatures. Extracts were partitioned to separate volatiles and were analyzed by GC-MS along with the volatiles extracted by conventional method. There is a significant effect of pressure and temperature on isolation of number of volatile compounds as well as retention of biological active compounds by SCF. Extraction at 100 bar, 40°C showed forty volatile compounds corresponds to 92.39% of volatiles with the major of bioactive compounds such as Terpinen-4-ol, 1,2,4-Trithiolane, 3,5-diethyl, allyl isoprophylsulphide, Cycloisolongifolene, á-Bisabolene, (-)-a-Panasinsen, Isocaryophyllene, trans-Sesquisabinene hydrate, 1-Naphthalenol.
